Respiratory failure is a most serious neonatal disorder. A severity of illness assessment should be performed for mechanically ventilated infants to predict the probability of hospital mortality and to assist clinical decision making. Objectives: To evaluate the ability of the Score for Neonatal Acute Physiology, version II (SNAP-II) to predict the mortality risk for the infants who are mechanically ventilated with positive pressure ventilation (PPV) at a neonatal intensive care unit (NICU). Methods: A prospective observational cohort study was performed in a 12-bed level III NICU at Hat Yai Hospital between January 2010 and December 2010. Results: During the study period, 46 infants were ventilated with PPV at admission. Of these, 8 died (17%) and 30 survived (83%). The overall mean SNAP-II score was significantly higher in the group of infants who died compared with those who survived (36.5 ± 11.5 vs. 22.3 ± 13.6, P < 0.01, respectively).The area under the receiver operating characteristic curve for the SNAP-II was 0.79 (95% confidence interval (CI) 0.66 to 0.92, P = 0.01). Every one-point increment of SNAP-II was associated with an odds ratio of 1.08 (95% CI 1.02 to 1.14, P < 0.01). The stratification of the two sets of scores when compared between groups showed that infants who had SNAP-II scores of ≥32 had the highest mortality risk with an odds ratio of 9.7 (95% CI 1.7 to 56.5) with sensitivity of 75.0% and specificity of 76.3%. Conclusion: SNAP-II scores can significantly predict mortality in infants requiring mechanical PPV.
Respiratory disorder is the most common morbidity and cause of mortality in the neonatal population [1] [2] . Mechanical positive pressure ventilation is the most useful treatment for neonatal respiratory failure. Given the improvements in neonatal care in neonatal intensive care units (NICUs), it is imperative that there be strict quality control to identify the groups at the greatest risk of death and to ensure the adequacy of treatment and the planning and rational use of resources. Differences in mortality rates within NICUs can be explained by the severity of illness of patients treated when suffering from various conditions [2] . The use of prognostic indicators is an essential quality criterion in the care of critically ill patients. Although birth weight, gestational age, and Apgar scores are the traditional general assessment tools for newborns [3] , the relationship between these parameters and mortality is insufficiently precise for usefully reliable assessment of mortality risk. The Score for Neonatal Acute Physiology, version II (SNAP-II) was recently simplified and revalidated for use in predicting hospital mortality in infants who were admitted to NICUs by assessing 6 physiological variables within the first 12 hours following admission [4, 5] . The objective of this study was to determine the performance of the SNAP-II in predicting mortality in infants requiring mechanical ventilation at NICU admission.
Patients and methods
This prospective observational cohort study was performed in the 12-bed level III NICU at Hat Yai Hospital between January 2010 and December 2010. Infants who were intubated before NICU admission were included in the study. Infants with an additional major congenital anomaly or cyanotic heart disease, or who died within 12 hours following NICU admission, were excluded. The study including prospectively abstracting of patient information from clinical charts was approved by the Hat Yai Hospital Ethics Committee.
The basic characteristics of the patients were noted, and the worst readings of six physiological parameters (lowest blood pressure, lowest temperature, lowest PaO 2 /FiO 2 ratio, lowest serum pH, urine output, and seizures) in the first 12 hours following NICU admission for SNAP-II were abstracted from clinical and laboratory records, using the variable definitions reported in the original SNAP-II report [4] .
Statistical analysis
Data were evaluated using descriptive statistics (mean and standard deviation, median and range (minimum−maximum), or frequency and percentage, as appropriate). Student's t test was used for analysis of continuous variables. Differences in proportions between groups were determined using a chi-square or Fisher's exact test. We conducted multivariate logistic regression analyses to test whether variables were independently associated with mortality.
Performance of the SNAP-II score was evaluated by assessing discrimination and calibration. Discrimination was tested by the area under the receiver operating characteristic (ROC) curve (AUC), which was also used to identify the best cut-off points of SNAP-II scores [6] . Acceptable discrimination is represented by an AUC of 0.75 or more [7] . For calibration, the goodness-of-fit of the model was examined by the Hosmer-Lemeshow test [8] . This method is useful in assessing deviations between the observed and expected numbers of deaths. Interpretation of this test shows that if the difference between the observed and expected mortality is not significant (P > 0.05), then they are comparable. This means that the model has a significantly good calibration if P > 0.05. Cox proportional hazard regression analysis was performed to assess the effect of SNAP-II score and oxygen index (OI) point to mortality. Hazard ratios (HR) with 95% confidence intervals (CI) were used to quantify the associations. Data analyses were performed using SPSS version 13.0 (SPSS Inc, Chicago, IL).
Results
During the study period, 626 infants were admitted to the NICU, of whom 241 required mechanical positive pressure ventilation. Of these 241 infants, 46 (19.1%) were initially intubated before NICU admission. Table 1 presents the basic characteristics of the study population. The mean gestational age and birth weight were 35.4 ± 4.5 weeks and 2,401 ± 1,022 g, respectively, and 33 infants (72%) were male. Eight (18%) were referred to our institution. Respiratory distress syndrome (RDS) was the most common etiology of respiratory disorder in the ventilated infants in our study (19 of 46, 41%), and this group had a mortality rate of 13%. The second most common cause of respiratory disorder in our study was meconium aspiration syndrome (13 of 46, 28%), partly complicated by persistent pulmonary hypertension of the newborn (PPHN) (3 of 13, 23%). In univariate analysis, comparing with infants who survived, the infants who died had lower OI, lower SNAP-II, lower birth weight, less length of stay. In multivariate analysis, there was no detectable factor found associated with mortality.
The study population had a mean SNAP-II of 22.8 ± 14.2. The mean SNAP-II was significantly higher in nonsurvivors than in survivors (36.5 ± 11.5 vs. 22.3 ± 13.6, P < 0.01, respectively). Infants classified as having 'severe illness' (a SNAP-II of ≥32) had the greatest mortality risk with HR of 9.7 (95% confidence interval (CI) 1.7 to 56.5). Every one point increase in the SNAP score increased the HR of mortality by 1.08 (95% CI 1.02 to 1.14, P < 0.01). On the other hand, the median oxygen index (OI) score was significantly higher in nonsurvivors than in survivors (25.3 (range: 11.6−124.2) vs. 6.0 (range: 1.8−40.8), P < 0.01, respectively). Every one point increase in the OI increased the HR of mortality by 1.04 (95% CI 1.02 to 1.06, P < 0.01).
The AUC of ROC for the SNAP-II, and OI was 0.79 (95% CI 0.66 to 0.92, P = 0.01), and 0.85 (95% CI 0.76 to 0.98, P = 0.01), respectively. The goodnessof-fit by the Hosmer-Lemeshow test showed that the SNAP-II test and OI were well calibrated in our study to assess deviation between the observed and expected numbers of death cases (P = 0.34, and P = 0.22, respectively). A SNAP-II cut-off of 32 was 
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derived from the ROC analysis for prediction of mortality. The sensitivity, specificity, and positive and negative predictive values (NPV) of SNAP-II ≥32 in predicting mortality were 75.0%, 76.3%, 40.0%, and 93.5%, respectively.
Discussion
Currently, the treatment modalities of NICUs for infants with respiratory failure may influence mortality. Hence, early identification of infants with respiratory disorders that present a high mortality risk may be helpful in guiding clinical decision-making and resource allocation. In the present study, the SNAP-II was studied to determine its usefulness in predicting mortality in mechanically ventilated infants in our NICU. We found that the SNAP-II offered an acceptable discriminative power with an AUC of 0.79, and had a significantly good calibration for both expected and observed mortalities.
An association between mortality and higher SNAP-II in sick infants has been previously reported and the authors of the current study have previously reported the SNAP-II accurately predicted mortality in infants with PPHN [2, 9] . Those results were similar to those in the present study, because in both studies the discrimination levels were acceptable (AUC 0.72 vs. 0.79, respectively). Our results were consistent with those in the study by Skarsgard et al. who showed the discrimination ability of SNAP-II to predict mortality in congenital diaphragmatic hernia had an AUC of 0.76 [10] . Ma et al. [2] reported the epidemiology of respiratory distress associated the severity illness in late preterm or term infants. Their study had a similar study population to ours, and found that a higher SNAP-II was significantly correlated with death, with an odds ratio (OR) from multivariate logistic regression analysis of 1.07 (95% CI 1.04 to 1.10), nearly the same as the HR from the present study of 1.08 (95% CI 1.02 to 1.14). Unfortunately, Ma et al. did not analyze the discriminative ability of the SNAP-II. In the present study, the evaluation of the SNAP-II with a cut-off value of 32 in the ROC had acceptable levels of sensitivity and specificity as a predictor of mortality in mechanically ventilated infants. This cut-off point was less than the cut-off point in infants with PPHN that we found, probably because the infants with PPHN were more severely ill and had a higher mortality rate [9] .
The results of our study confirm that the SNAP-II and OI can be useful predictors of mortality in infants with respiratory failure. Our results also confirm that OI can be as useful as SNAP-II in predicting mortality in sick infants [2, 11] . Therefore, we suggest using SNAP-II and OI together in assessing infants with respiratory failure within 12 hours of admission, because both are relatively simple and inexpensive, and results can be obtained within only a few minutes. In addition, birth weight was a also factor associated with mortality. However, the multivariable analysis was inconclusive, probably because of the small sample size. Morbidity prediction with the SNAP-II has been previously examined in subgroups of illnesses such as chronic lung disease or intraventricular hemorrhage [12] . Our study has some limitations. The most significant is that our mortality data was based on short term outcomes only, i.e., death or hospital discharge. Ultimately, tools used for outcome prediction should reflect longer-term outcomes of neonatal respiratory failure including growth and potential neurodevelopmental effects of the illness being assessed. Moreover, the sample size in this study was small. Although the SNAP-II has been shown to be a useful predictor of mortality outcome for a number of neonatal respiratory diseases, a larger sample size is required to validate the SNAP-II's ability to predict mortality in infants with respiratory failure.
In conclusion, the SNAP-II has good discriminatory power in predicting mortality in infants with respiratory failure who need mechanical positive pressure ventilation after delivery. The SNAP-II score can be applied with an adequate degree of accuracy for severity assessment in clinical practice.
